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Abstract—This paper presents an investigation on the effect of 
load variations for three-phase ac to dc current injection hybrid 
resonant converter. The performance of the converter was 
analyses with different values of output load resistor. The effect 
of load variations on the supply current waveforms, resonant 
current waveform and the output voltage waveform was 
observed and investigated. Apart of the waveforms, the 
performance of the converter was analyzed based on the total 
harmonics distortion (THD) level of the supply current 
waveform for both nominal output load operation and during 
increases the output load resistor. The circuit was simulated in 
MATLAB/Simulink environment. A 1-kW experimental test-rig 
was constructed to verify the output load variations studies for 
the three-phase ac-dc current injection hybrid resonant 
converter. Selected simulation and experimental results have 
been provided in the paper to validate the analysis. 
 
Index Terms—Three-Phase AC-DC Converter; Current 
Injection; Hybrid Resonant Converter. 
 
I. INTRODUCTION 
 
Research in industrial electronics always focuses on the 
enhancement of converters efficiency and power density [1-
4]. Due to the interest in high power density, encouraging the 
exploration of higher operating frequency. Thus, the resonant 
converters have been found to be a good option to the 
abovementioned requirement [5]. As compared to the 
conventional hard-switching pulse width modulation (PWM) 
converters, the resonant converters are capable to realize soft-
switching for power switches, whilst, reducing the switching 
losses [6] [7].  
The resonant converters can be classified into several types 
of configurations based on the arrangement of inductor and 
capacitor elements. Details circuit arrangement and 
characteristics of the resonant converters that have been 
applied in dc power supply applications have been discussed 
in [8]. The series resonant converter and parallel resonant 
converter are among two basic configurations of the resonant 
converters [6]. The series configuration of resonant 
converters has the merit of high voltage gain and high 
conversion efficiency. Furthermore, its switching losses 
decrease with load decrease. This type of circuit 
configuration is suitable for high output voltage with low 
output current applications [9]. However, the series 
configuration of the resonant converters suffers a wide 
variation range of switching frequency. As a result, the output 
voltage cannot be regulated at light-load or no-load condition 
[6] [9] [10]. In addition, the use of the series configuration of 
resonant converter required a larger output capacitor filter to 
minimize the ripple of the output voltage.  
The parallel configuration of resonant converters has better 
output voltage regulation during light-load or no-load 
condition. This type of resonant converter circuit 
configuration is naturally short circuit proof due to the 
resonant tank inductor or capacitor elements [9]. It is suitable 
for high output current with low output voltage applications. 
However, the parallel configuration of resonant converters 
has poor efficiency at light load condition [6]. This is due to 
the high circulating resonant tank current resulting in higher 
switching losses [9]. Hence, both series and parallel circuit 
configurations of resonant converters incapable to utilize 
certain parasitic components in some applications [6].  
To overcome the disadvantages of both series and parallel 
resonant converters, the combination series and parallel 
circuit configurations of resonant converter that is also called 
hybrid circuit configurations have been proposed [6] [7] [9]. 
This type of circuit configuration combines advantages of 
both series and parallel resonant circuit configurations and 
also eliminates their setbacks. Among the merit of hybrid 
circuit configurations of the resonant converter are their 
capability to operate over a large range of supply voltage, 
better performance of output voltage regulation and better 
reliability with light-load or heavy-load conditions [9] [11-
12]. As compared to both series and parallel resonant 
converter, the hybrid resonant converter also exhibits better 
performance of high efficiency [11-12].  
We have earlier reported, both steady-state analysis and 
experimentally, the three-phase ac to dc current injection 
hybrid resonant converter [13-14]. This paper focuses on the 
investigation of output load variations of the three-phase ac 
to dc current injection hybrid resonant converter.  In order to 
optimize the parameters to better design the hybrid resonant 
converter, some steady-state models have been proposed in 
the previous papers [13-14] will be utilized. This steady-state 
model described the relationship among the load, the output 
voltage, and the switching frequency of the proposed 
converter. A prototype of 1-kW is developed based on a 
computer simulation model that uses MATLAB/Simulink to 
verify the proposed investigations. 
 
II. COMPUTER SIMULATION MODEL 
 
A 1-kW computer simulation model of the converter is 
modelled using MATLAB/Simulink to verify the 
effectiveness of the proposed converter. Table 1 shows the 
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design parameters of the proposed converter. 
Figure 1 shows the top level main model of the three-phase 
ac to dc current injection hybrid resonant converter. The 
parameters used in the [13-14] is used to investigate the 
behavior of the proposed converter.  
The modelling of three-phase diode bridge rectifier 
arrangement in MATLAB/Simulink is shown in Figure 2. As 
can be seen, the three-phase diode bridge rectifier consists of 
three input presented by VR, VY and VB whilst the two 
output are presented by +VDC and -VDC respectively. Since, 
the current injection technique is used to improve the power 
factor of the proposed converter, where the Ires/3 will be used 
to inject back to the junctions of the three-phase diode-bridge 
rectifier, therefore the modelling of three-phase diode bridge 
rectifier also consists of another three input presented by 
VR1, VY1 and VB1. The two output +VDC and -VDC are 
connected to the positive and negative high-frequency 
inverter block set respectively.  
Modelling of the high-frequency half-bridge inverter with 
autotransformer is shown in Figure 3. By referring to Figure 
3, the Mosfet1 and Mosfet2 are used to drive the inverter 
which is connected to the DC-link capacitors Cdc1 and Cdc2 
respectively. An autotransformer is then connected to the 
output of the high-frequency half-bridge inverter. The 
modelling of single-phase high-frequency diode bridge 
rectifier with a DC capacitor using MATLAB/Simulink is as 
shown in Figure 4. The two inputs of diode bridge rectifier 
are presented by +Vin and -Vin respectively whilst +Vo and 
-Vo presented the two outputs of the diode bridge rectifier. A 
dc capacitor, Co is connected across the +Vo and -Vo.  
Figure 5 shows the load resistor arrangement for the load 
step change of the proposed converter. Two resistors 
presented by RL1 and RL2 are connected in parallel, that is 
used to represented light-load and heavy-load respectively. 
An ideal switch which is controlled by a Step block set is then 
connected in series with the RL2. 
 
Table 1 
Design Parameters 
 
Quantity Values 
Supply voltage, Vs 40 Vrms 
Nominal output voltage, Vo 47 V
 
Nominal output power, Po 1000 W 
Switching frequency, fs
 20 kHz 
Load resistor, RL1 2.2 Ω 
Load resistor, RL2 100 Ω 
 
 
 
 
Figure 1: The top level main model of the three-phase ac to dc current 
injection hybrid resonant converter 
 
 
Figure 2: The three-phase diode bridge rectifier arrangement 
 
 
 
Figure 3: The high-frequency half-bridge inverter with autotransformer  
 
 
 
Figure 4: The single-phase high-frequency diode bridge rectifier with a 
DC capacitor 
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Figure 5: The load resistor arrangement 
 
III. EXPERIMENTAL TEST-RIG 
 
The construction of a 1-kW experimental test-rig as shown 
in Figure 6 used to verify the proposed converter. The 
hardware design was outlined completely with the power 
circuits, gate drives and its pulse width modulation (PWM) 
control circuits. The construction and component design of 
the experimental test-rig for three-phase AC-DC CIHRC 
were organized as; a) three-phase diode bridge, b) power 
switches, c) DC link capacitor, d) resonant tank, e) output 
full-bridge rectifier and f) line inductor. 
 
 
 
 
Figure 6: The experimental test-rig set-up 
 
IV. RESULTS AND DISCUSSION 
 
The results of the investigation of output load variations of 
three-phase ac to dc CIHRC are present according to nominal 
output load operation and by increasing the value of output 
load resistor. Figure 7 shows the supply current waveforms 
of three-phase ac to dc CIHRC during nominal output load 
operation. It is clearly shown that the supply current 
waveform is continuous, sinusoidal and in-phase with the 
supply voltage waveforms.  
 
  
 
 
Figure 7: The simulation results of three-phase supply voltages and 
currents waveforms for nominal output load condition 
 
The efficiency, power factor and the THD level of the 
converter have been calculated based on Equation (1) to (7). 
 
 (1) 
 
Where the output power, POUT can be determined using 
equation as below; 
 
 (2) 
 
The input power, PIN can be calculated as; 
 
 (3) 
 
Where ϕ is the displacement power factor, D.F and can be 
calculated using equation below, 
 
 (4) 
 
The power factor, p.f can be calculated based on the equation 
as below, 
 
 (5) 
 
Where SIN can be calculated as; 
 
 (6) 
 
Where γ can be calculated from the total harmonic distortion 
as follows; 
 
 (7) 
 
Noted that the normal operation of the converter is designed 
with the load resistor of 2.2Ω. The total harmonic distortion 
(THD) level for the nominal output load operation is 1.47% 
with the efficiency of 92.4%. Such value of THD level is well 
below the acceptable limit that was defined by IEEE 519 
Standard.  
POWER SUPPLIES
DSO-OX-2024A 
OSCILLOSCOPE
GATE DRIVER 
CIRCUITS
RESONANT 
TANK
POWER MOSFET
AUTOTRANSFORMER
DELTA-WYE 
3PHASE 
TRANSFORMER
RESISTOR
BRIDGE 
DIODE
0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06
-60
-40
-20
0
20
40
60
time(s)
V
 o
r 
I
Vr Vy Vb
Ir Iy Ib
IN
OUT
P
P

L
OUT
OUT
R
V
P
2

cos3 
RMSLINERMSIN
IVP

fprpowerfacto
FD
.,
. 
IN
IN
S
P
fp .
RMSRMSPIN
IVS  3
1
1
2 

THD

Journal of Telecommunication, Electronic and Computer Engineering 
46 e-ISSN: 2289-8131   Vol. 10 No. 1-2  
Figure 8 shows the simulation result of the converter 
resonant current and voltage waveforms. Based on Figure-8, 
the resonant current lag the resonant voltage, thus verified 
that the converter operated under virtually lossless zero 
voltage switching (ZVS) condition. The output voltage of the 
three-phase ac to dc CIHRC is as shown in Figure 9. The 
simulation results obtained from MATLAB/Simulink are 
verified by experimental results as shown in Figures 10 to 12. 
It was observed that there was good agreement between the 
characteristics of the simulation and experimental results. 
The error of the comparison results especially for the 
experimental test rig was within a few percent attributed to 
the losses that were not included in the analysis and the 
component tolerance.   
The results of increase output load resistor are shown in 
Figures 13 to 15. In this work, the value of output load resistor 
was increased up to 100Ω, to investigate the effect of the 
supply current waveforms, the resonant current and voltage 
waveforms and the behavior of the output voltage waveform. 
Figure 13 shows the simulation result of the three-phase 
supply currents and supply voltages waveforms for the output 
load resistor increases from 2.2Ω to 100Ω. Compared to the 
result obtained during nominal output load operation, the 
amplitude of the supply currents waveforms reduced from 
12A to 6.7A. 
 
 
 
Figure 8: The simulation result of Vres and Ires for nominal output load 
condition 
 
 
 
Figure 9: The simulation result of Vo for nominal output load condition 
 
 
 
 
Figure 10: The experimental results of the red phase supply voltage (25 
V/div, 5 ms/div) and current waveform (10 A/div, 5 ms/div) for nominal 
output load condition 
 
 
 
Figure 11: The experimental results of the converter resonant current (20 
A/div, 16 µs/div) and switching leg voltage (22 V/div, 16 µs/div) for 
nominal output load condition 
 
 
 
Figure 12: The experimental results of the Converter output voltage (18 
V/div, 3.3 ms/div) and supply voltages (30 V/div, 3.3 ms/div) waveforms 
for nominal output load condition 
 
 
 
Figure 13: The simulation result of the three-phase supply currents and 
supply voltages waveforms for the output load resistor increases from 2.2Ω 
to 100Ω 
 
 
 
Figure 14: The simulation result of the resonant current and voltage 
waveforms for the output load resistor increases from 2.2Ω to 100Ω 
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Figure 15: The simulation result of the output voltage waveform for the 
output load resistor increases from 2.2Ω to 100Ω 
 
Figure 14 shows the simulation result of the resonant 
current and voltage waveforms for the output load resistor 
increases from 2.2Ω to 100Ω. It is clearly shown that the 
resonant current, Ires leads the resonant voltage, Vres. In 
addition, the amplitude of the resonant voltage increases up 
to 150V compared to about 60V during the nominal load 
resistor operation. The simulation of the output voltage 
waveform for the output load resistor increases from 2.2Ω to 
100Ω is as shown in Figure 15. It shows that the output 
voltage increases up to 214V as compared to 47V during the 
nominal load resistor operation. Table 2 summarized the 
results obtained during the nominal load resistor operation 
and for the output load resistor increases from 2.2Ω to 100Ω. 
At nominal output load operation, the converter performs 
as zero voltage switching (ZVS) since the resonant current, 
Ires lags the switching leg voltage, Vleg as illustrated in Figures 
8 and 11. This is different during the output load resistor 
increases from 2.2Ω to 100Ω, where the resonant current, Ires 
leads the switching leg voltage, Vleg, as shown in Figure 14, 
resulting in the converter, operates under zero current 
switching (ZCS) condition. The total harmonic distortion 
(THD) level for the nominal output load operation is 1.47% 
with the efficiency of 92.4%. Such value of THD level is well 
below the acceptable limit that was defined by IEEE 519 
Standard. This value increases up to 4.4% when the output 
load resistor increases from 2.2Ω to 100Ω, thus the efficiency 
of the converter decreases to 61%.  
 
Table 2 
Results of Output Load Resistor Variations 
 
Parameters 
Nominal load 
operation 
Increase load resistor 
Load Resistor, RL 2.2Ω 100Ω 
THD (%) 1.47 4.4 
Efficiency (%) 92.4 61 
Output voltage (V) 47 214 
 
V. CONCLUSION 
 
This paper has investigated the output load variations of the 
three-phase ac to dc current injection hybrid resonant 
converter. There are two parameters of the load resistor, RL 
to investigate the load conditions of the proposed converter. 
First is during the nominal output load operation and the 
second is during the output load resistor increases from 2.2Ω 
to 100Ω condition. Since the normal operation of the 
converter is designed for the load resistor of 2.2Ω, thus the 
nominal output load operation that uses the load resistor of 
2.2Ω results with low THD level (1.47%) of the supply 
current waveform with high power converter efficiency 
(92.4%). However, for output load resistor increases from 
2.2Ω to 100Ω condition the THD level of the supply current 
waveform increases to 4.4%, with the power converter 
efficiency also decreases to 61%. 
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